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CLOCK RIDE-OVER METHOD AND CIRCUIT 



FIELD OF THE INVENTION 

This invention relates to a clock change-over (termed 
5 herein as "ride-over") circuit and, more particularly, to a 
circuit for making ride-over across jitter-containing clocks. 
BACKGROUND OF THE INVENTION 

Among known clock ride-over circuits, there are a circuit 
described in Japanese Patent Kokai Publication J P-A-4-96535, as 

10 shown in Fig. 7 herein, and an FIFO em ploying a RAM of F i g. 9, as 
described in a publication by Y. Hasegawa entitled: 
"Introduction to Hardware Designing by VHDL". The entire 
disclosures of these publications are incorporated herein by 
reference thereto. The operating waveforms of the circuits of 

15 Figs. 7 and 9 are shown in Figs. 8 and 10, respectively. 

The circuit of F i g. 7 is designed so that a write timing 
signal WT 18 operates as an operation control input to a JK 
fl ipflop 24 and so that input data 17 obtained on serial /para I lei 
conversion is stored in a distributed fashion in an odd register 

20 27 and in an even register 28. In a readout register selection 
timing control circuit 33, an output of the JK f I ipflop 24 is 
shifted by a readout clock CLK_r 21 to generate three different 
signals, namely a LEAD 34, representing a lead phase, a NORM 35, 
representing a reference phase and a LAG 36 representing a lag 

25 phase. On power up, a phase detection circuit 26 checks which 
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one of the three phases LEAD, NORM and 

LAG is the phase of the write timing signal WT 18 or the 
phase of a readout timing signal RT 20, with a D — f I ipflop keeping 
to hold the verified state. Since the transition point between 
5 LEAD, NORM and LAG is in a domain where the output of the odd 
register 27 and that of the even register 28 are stable, the 
contents of the odd register 27 and the even register 28 can be 
read out in stability with the readout timing signal RT 20. 
Although the FIFO shown in Fig. 9 represents an i I lustrative 
10 application to logical synthesis, the architecture is a example 
of a routine FIFO. The configuration of F i g. 9 has an internal 
RAM 45, the addresses for which are generated by a write counter 
WP 43 and a readout counter RP 44 to effect writing and readout. 
In the embodiment shown in Fig. 9, FULL 41 and EMPTY 43 are output 
15 as status signals for the RAM. The FULL 41 and EMPTY 43 operate 
for preventing the overflow and the underflow, respectively. 
Although one clock route is shown in Fig. 9, the basic structure 
remains unchanged if two clock routes are used each for write 
and readout. 
20 SUMMARY OF THE DISCLOSURE 

The first problem is that, in the circuit shown in the 
Japanese Patent Kokai Publication J P- A-4- 9 653 5, the ride-over 
timing control is not feasible unless write and readout control 
signals are input from outside. 
25 The reason is that, if clock ride-over is to be made for 
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the entire p r e- r i de-ove r data, the clock ride-over needs to be 
performed over the entire area, so that it cannot be verified 
whether or not the phase of the write control signal is close 
to that of the readout control signal and hence the ride-over 
5 timing cannot be controlled. 

The second problem is that, if the frequency of the 
ride-over clock is in the vicinity of the operating threshold 
of a logic gate circuit, the FIFO constructed by e.g., a memory 
macro shown in F i g. 1 0 ceases to be usable. 

10 The reason is that the operating frequency of the memory 

macro is lower than that of a logic gate circuit. Moreover, the 
memory macro write/readout address control is in need of a 
multi-stage counter circuit so that it becomes difficult to 
improve the operating speed. 

15 It is therefore an object of the present invention to 

provide a novel clock ride-over circuit and a clock ride-over 
method whereby clock ride-over (change-over) is rendered 
feasible even in cases where the clocks before and after 
ride-over (change-over) contain the jitter and where there is 

20 no write and readout control signal input from outside. 

According to a first aspect of the present invention, there 
is provided a clock ride-over circuit in which an input digital 
signal synchronized with a first clock signal is converted into 
a digital signal synchronized with a second clock signal, and 

25 in which a result of conversion is output as an output digital 
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signal. The clock ride-over circuit includes: (a) a first 
synchronization circuit matching a phase of an input digital 
signal to a phase of the first clock signal to output the input 
digital signal phase-matched to the first clock signal; (b) a 
5 selector selecting the input digital signal phase-matched to the 
first clock signal or an output digital signal of the clock 
ride-over circuit, depending on a value of a selection signal 
of the same frequency as that of the first clock signal, to output 
a selected digital signal as an intermediate digital signal; (c) 

10 a second synchronization circuit synchronizing the intermediate 
digital signal to output the intermediate digital signal 
synchronized with the second clock signal as the output digital 
signal, and (d) a timing control circuit generating the 
selection signal based on the first clock signal and the second 

15 clock signal. 

In the clock ride-over circuit according to the present 
invention as described above, the timing control circuit 
includes a clock detection unit detecting the phase of the first 
clock signal to output a detected result as a detection signal; 

20 a self-running counter outputting the selection signal using the 
second clock signal as a clock signal; and a phase comparator 
comparing the phase of the detection signal to that of the 
selection signal to reset the phase of the self-running counter 
if the phase difference therebetween is outside an allowable 

25 range. 
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In the clock ride-over circuit according to the present 
invention as described above, the allowable range begins with 
a timing at which the first clock signal changes and continues 
several periods of the second clock signal, with the self- 
5 running counter outputt ing the selection signal at a trailing 
end of the allowable range after resetting. 

According to a second aspect of the present invention, 
there is provided a clock ride-over method in which an input 
digital signal synchronized with a first clock signal is 

10 converted into a digital signal synchronized with a second clock 
signal, and in which a result of conversion is output as an output 
digital signal. The method includes a first step of matching 
a phase of an input digital signal to a phase of the first clock 
signal to output the input digital signal phase-matched to the 

15 first clock signal, a second step of selecting the input digital 
signal phase-matched to the first clock signal or an output 
digital signal of the clock ride-over circuit, depending on a 
value of a selection signal of the same frequency as that of the 
first clock signal, to output a selected digital signal as an 

20 intermediate digital signal, a third step of synchronizing the 
intermediate digital signal to output the intermediate digital 
signal synchronized with the second clock signal as the output 
digital signal, and a fourth step of generating the selection 
signal based on the first clock signal and the second clock 

2 5 s i gna I . 
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In the clock ride-over method according to the present 
invention, as described above, the fourth step includes a step 
of detecting the phase of the first clock signal to output a 
detected result as a detection signal; a step of outputting the 
5 selection signal by a self-running counter exploiting the second 
clock signal as a clock signal; and a step of comparing the phase 
of the detection signal to that of the selection signal to reset 
the phase of the self-running counter if the phase difference 
therebetween is outside an allowable range. 

10 In the clock ride-over method according to the present 

invention, as described above, the allowable range begins with 
a timing at which the first clock signal changes and continues 
several periods of the second clock signal, with the self- 
running counter outputting the selection signal at a trailing 

15 end of the allowable range after resetting. 
Operation 

According to the present invention, a first clock is 
detected with a second high-speed clock to compare the detected 
first clock to a phase comparison signal of a self-running 

20 counter running with the second high-speed clock. By setting 
the width of the phase comparison signal to a width larger than 
the clock jitter width, it is possible to absorb the jitter to 
realize clock ride-over (change-over) at an elevated speed. 
Otherwise caused by the jitter. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a block diagram showing the structure of the clock 
ride-over circuit embodying the present invention. 

Fig. 2 is a block diagram showing the structure of a clock 
ride-over circuit according to a first embodiment of the present 
5 invention. 

Fig. 3 is a timing chart showing the operation in case of 
occurrence of phase error of the clock ride-over circuit 
according to the first embodiment of the present invention. 

Fig. 4 is another timing chart showing the operation in case 
10 of occurrence of phase delay in the clock ride-over circuit 
according to the first embodiment of the present invention. 

Fig. 5 is a timing chart showing the operation in case of 
enlarging the phase variation absorbing range of the clock 
ride-over circuit according to the first embodiment of the 
15 present inventi on. 

Fig. 6 is a block diagram showing the structure of the clock 
ride-over circuit according to the first embodiment of the 
present i nvent i on. 

Fig. 7 is a circuit diagram showing the structure of a 
20 conventional clock ride-over circuit. 

Fig. 8 is a timing chart of Fig. 7. 

Fig. 9 is a circuit diagram showing the structure of another 
conventional clock ride-over circuit. 
F i g. 1 0 is a timing chart of Fig. 9. 
25 PREFERRED EMBODIMENTS OF THE INVENTION 
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Referring to the drawings, certain preferred embodiments 
of the present invention are explained in detail. Fig.1 shows 
the principle underlying the present invention and F i g. 2 shows 
an embodiment of the present invention. Figs. 3 to 5 show timing 
5 charts for Fig. 2. 

First, reference is had to Fig. 1 , in which an input IN 1 
is connected to a D-input of a first D-flipflop FF1 7 operated 
by a f i rst clock CLK1 5. 

A selector 9 has its 1-input connected to an output of the 
10 first D-flipflop FF1 7 and has its 0-input connected to a second 
D-flipflop FF2 8 operating by a second clock CLK_2 6, while 
having its control input connected to an output of a self-running 
counter 14 operating with the second clocks. 

The second D-flipflop FF2 8 has its D-input connected to 
1 5 an output of a se I ector 9. 

A clock detector 12, operating at the second clock CLK_2 
6, is connected to a first clock CLK_1 5. 

A phase comparator 13 has its first input connected to an 
output COMP 10 of the clock detector 12, while having its second 
20 input connected to a timing output TIM 4 of a self-running 
counter 14 operating at the second clock. 

An output 7 of the second D-flipflop FF2 8 represents the 
output signal of the clock ride-over circuit according to the 
present i nvent i on. 
25 The present invention features phase comparison of the 
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output of the self-running ring counter 14 and the clock detector 
12, a method for comparison, and a control method which is based 
on the result of comparison. 

A preferred embodiment is now explained by referring to 
5 Figs. 2 to 5. As an embodiment of the present invention, the 
frequency of the second clock CLK_2 6 is set to a higher value 
than the first clock at least several times, e. g. , six times 
that of the f i rst clock CLK_1 5. 
Embodiment 1 

10 Reference is first made to F i g. 2 showing an embodiment in 

which the clock detector 12 explained with reference to F i g. 1 
is made up of a differentiating circuit and a phase comparison 
signal generating circuit, the phase comparator 13 is made up 
of two logical gates and the self-running counter 14 is 

15 constituted by a ring counter. 

An input data IN 1 input in synchronism with the first clock 
CLK_1 5 and re-timed by the first d-flipflop FF1 7. The first 
clock CLK_1 5 is differentiated by the second clock CLK_2 6 to 
generate a differentiated output signal ACLK_1 16. By an 

20 output, timing signal TIM 4 of the ring counter 14, adapted for 
self-running, the input of the selector 9 is changed over from 
0 to 1 at a clock width every six clocks of the second clock CLK_2 
6. 

Referring to Fig. 3, a mode in which the second clock is 
25 within a phase compensation range and resets the self-running 
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ring counter 14 to restore it to the normal state. By way of 
an example, the phase compensation range is set to a range from 
a current time point + (plus) one clock until a current time point 
- (minus) one clock, based on the second clock CLK_2 6. In an 
5 embodiment of Fig. 3, the latter half of the H level of the phase 
comparison signal COMP 10 is coincident with the timing signal 
TIM 4 up to the ninth clock of the second clock CLK_2 6. Until 
(before) this time pint, clock ride-over occurs in a regular 
state. Since the leading half of the H level of the phase 
10 comparison signal COMP 10 is vacant until the ninth clock of the 
second clock CLK_2 6, a range spanning from the current time 
point until a time point corresponding to one clock ahead in 
phase is within the phase compensation range. The timing signal 
TIM 4, output by the self-running ring counter 14, assumes an 
15 H-level at a one clock width every six clocks as seen from the 
second clock CLK_2 6. 

If the second clock CLK_2 6 is delayed one clock next to 
the tenth clock, the output signal TIM 4 of the self-running ring 
counter 14 is delayed one clock. Since the phase comparison 
20 signal COMP 10 is generated by the differentiated (divided) 
output signal ACLK_1 16, a phase comparison result RES 11 
outputs the non-coincidence between the first clock CLK_1 5 and 
the timing output signal TIM 4 . By the phase comparison result 
RES 11 resetting the ring counter 14, the result of non- 
25 coincidence is instantly fed back to the self-running ring 
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counter 14 to correct the timing output signal TIM 4 such as to 
follow the differentiated (divided) output signal ACLK_1 16. 

Referring to Fig. 4, the phase lead of the current time pont 
- (minus) one clock is explained. The operation up to the tenth 
clock of the second clock CLK_2 6 is the same as that in Fig. 3. 

In the present embodiment, the interval between the 11th second 
clock CLK_2 6 and the 13th second clock CLK_2 6 is shortened. 
Up to the ninth second clock CLK_2 6, the timing output signal 
TIM 4 is compared to the H level of the latter half of the phase 
comparison signal COMP 10. By the 12th second clockCLK_2 6 w i t h 
a phase lead, the timing output signal TIM 4 comes to be compared 
to the H level of the former half of the phase comparison signal 
COMP 10. In this case, the time point at which comparison of 
the timing signal COMP 10 to the phase comparison signal COMP 
is made varies, however, the phase lead is absorbed. 

Fig. 5 shows an embodiment in which the phase comparison 
signal COMP has a width of three clocks, with the phase 
compensation range of the second clock CLK_2 being the current 
time point ± one clock. Although the phase delay occurs next 
to the tenth clock, as in Fig. 3, phase variations are absorbed. 
Second Embodiment 

Fig. 6 shows a second embodiment in which the first d- 
flipflop FF1 7, selector 9 and the second D-flipflop FF2 8 are 
each made up of plural devices, respectively (details not shown), 
the differentiating circuit is deleted from the first embodiment 
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and in which the self-running counter 14 is changed to a binary 
counter. In the present embodiment, clock ride-over is 
feasible at a time in case of input data made up of plural bits. 
If there is no differentiating circuit upstream of the phase 
compensation circuit, the phase comparison signal COMP 10 can 
be generated easily by constructing the phase compensation 
c i rcu i t by e. g. , a shift register. The se I f-runn i ng counter 1 4 
is preferably constituted by a ring counter or other counter, 
or by a state machine, insofar as the operating speed is 
concerned. If the ring counter or a Johnson counter is used, 
a booby trap is indispensable in order to prevent stacks. 

The meritorious effects of the present invention 
are summarized as follows. 

The present invention, as described above, gives the 
following meritorious effect. 

The first effect is that clock ride-over is feasible in the 
absence of an input of the wr i t e/ readou t control signal from 
outside. 

The reason is that clocks prior to ride-over are detected 
by clocks occurring subsequent to ride-over. 

The second effect is that clock ride-over is feasible even 
if the read-out clocks contain jitter. 

The reason is that the clocks prior to ride-over are 
detected by clocks subsequent to ride-over, a phase comparison 
signal COMP having a pulse width longer than the period of jitter 
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contained in the ride-over clock, the phase comparison signal 
COMP is phase-compared to the timing signal TIM, self-running 
at the post-ride-over clocks and generating one clock width at 
a period prior to ride-over, and the timing signal TIM is reset 
by the result of the phase comparison to evade timing errors. 
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WHAT IS CLAIMED IS: 

1. A clock ride-over circuit in which an input digital signal 
synchronized with a first clock signal is converted into a 
digital signal synchronized with a second clock signal, and in 
which a result of conversion is output as an output digital 
s i gna I , comp r i s i ng : 

(a) a first synchronization circuit matching a phase of an 
input digital signal to a phase of said first clock signal to 
output said input digital signal phase-matched to said first 
clock s i gna I ; 

(b) a selector selecting said input digital signal phase- 
matched to said first clock signal or an output digital signal 
of the check ride-over circuit, depending on a value of a 
selection signal of the same frequency as that of said first 
clock signal, to output a selected digital signal as an 

i n termed iate digital signal; 

(c) a second synchronization circuit synchronizing said 
intermediate digital signal to output said intermediate digital 
signal synchronized with said second clock signal as said output 
digital signal; and 

(d) a timing control circuit generating said selection signal 
based on said first clock signal and said second clock signal. 
2. The clock ride-over circuit as defined in claim 1 wherein 

said timing control circuit comprises: 
(d1) a clock detection unit detecting the phase of the first 
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clock signal to output a detected result as a detection signal; 
5 (d2) a self-running counter outputting said selection signal 
using said second clock signal as a clock signal; and 
(d3) a phase comparator comparing the phase of said detection 
signal to that of said selection signal to reset the phase of 
said self-running counter if the phase difference therebetween 
10 is outside an allowable range. 

3. The clock ride-over circuit as defined in claim 2 wherein 
said allowable range begins with a timing at which said 

first clock signal changes and continues a plurality of periods 
of said second clock signal, said self-running counter 
5 outputting said selection signal at a trailing end of said 
allowable range after resetting. 

4. The clock ride-over circuit as defined in claim 1, wherein 
said second clock signal has a higher speed than said first clock 
signal. 

5. The clock ride-over circuit as defined in claim 3, wherein 
said plurality of periods include at least 2 or 3 periods of said 
second c I ock signal. 

6. The clock ride-over circuit as defined in claim 1 said output 
signal of the clock ride-over circuit is fed back to one input 
of said selector. 

7. The clock ride-over circuit as defined in claim 2, wherein 
said clock detection unit comprises: 

a differentiating unit of the first clock signal using the 
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second clock signal having a higher speed than the first clock 
signal, to output a differentiated clock signal of the first 
clock signal, which is used for generating a phase comparison 
signal supplied to said phase comparator. 

8. A clock ride-over method in which an input digital signal 
synchronized with a first clock signal is converted into a 
digital signal synchronized with a second clock signal, and in 
which a result of conversion is output as an output digital 
s i gna I, compr i s i ng: 

(a) a first step of matching a phase of an input digital signal 
to aphaseof said first clock s i gna I tooutput said input digital 
signal phase-matched to said first clock signal; 

(b) a second step of selecting said input digital signal 
phase-matched to said first clock signal or an output digital 
signal of the clock ride-over circuit, depending on a value of 
a selection signal of the same frequency as that of said first 
clock signal, to output a selected digital signal as an 

i n termed i ate digital signal; 

(c) a third step of synchronizing said intermediate digital 
signal to output said intermediate digital signal synchronized 
with said second clock signal as said output digital signal; and 

(d) a fourth step of generating said selection signal based on 
said first clock signal and said second clock signal. 

9. The clock ride-over method as defined in claim 8 wherein 
said fourth step comprises: 
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(d1) a step of detecting the phase of the first clock signal 
to output a detected result as a detection signal; 
5 (d2) a step of outputting said selection signal by a self- 
running counter which uses said second clock signal as a clock 
signal; and 

(d3) a step of comparing the phase of said detection signal to 
that of said selection signal to reset the phase of said 
10 self-running counter if the phase difference therebetween is 
outside an allowable range. 

10. The clock ride-over method as defined in claim 9 wherein 
said allowable range begins with a timing at which said 
first clock signal changes and continues several periods of said 
second clock signal, said self-running counter outputting said 
5 selection signal at a trailing end of said allowable range after 
resetting. 
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ABSTRACT OF THE DISCLOSURE 
A clock ride-over circuit in which clock ride-over may be 
achieved even if jitter is contained in clocks prior to and 
subsequent to ride-over and no control input signal for write 
and readout is applied from outside. A clock prior to ride- 
over CLK_1 is detected by a clock subsequent to ride-over CLK_2 
which is of a higher speed than the clock prior to ride-over. 
A timing signal TIM of a constant period, generated by a counter 
adapted for self-running with the clock prior to ride-over, is 
compared to the phase comparison signal COMP which is the result 
of the clock detection. Stable clock ride-over is possible by 
the phase comparison signal COMP having a pulse width larger than 
the jitter period of the clock subsequent to ride-over. 
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As a below named inventor, I hereby declare that: 
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I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor 
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tion entitled CLOCK RIDE-OVER METHOD AND CIRCUIT 

the specification of which 
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Application Serial No. 



and was amended on „ (if applicable). 

I hereby state that I have reviewed and understand the contents of die above identified specification, including die 
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with Title 37, Code of Federal Regulations, § 1.56(a). 
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certificate having a filing date before that of the application on which priority is claimed: 
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I hereby claim die benefit under Title 35, United State Code. §120 of any United Stales application(s) listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in die prior United Slates applica- 
tion in the manner provided by the first paragraph of Tide 35, United States Code, §112, I acknowledge die duly to 
disclose material information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between die 
filing date of the prior application and the national or PCT international filing date of Uiis application: 



(Application Serial No.) (Filing Date) (Status - patented, pending, abandoned) 



(Application Serial No.) (Filing Dale) (Status - patented, pending, abandoned) 

1 hereby appoint as my attorney and agent Aaron IL Karas, Reg. No. 18,923, Samson Helfgott, Reg. No. 23,072 and 
Emma Shleifcr, Reg. No. 29,734 to prosecute this application and to transact all business in the Patent and Trademark 
Office connected dicrcwidi: 



Address all correspondence to: HELFGOTT & KARAS P.C. 

60di Floor 
Empire Stale Building 
New York. New York 10118-0110 
Telephone No. (212) 643-5000 

I hereby declare that all statements made herein of my own knowledge are irue and that all statements made on informa- 
tion and belief arc believed to be true; and further that these statements were made widi Ihe knowledge that willful false 
statements and die like so made are punishable by fine or imprisonment, or botii, under Section 1001 of Tide 18 of die 
United States Code and that such willful false statements may jeopardize die validity of the applicadon or any patent 
issued thereon. 



Full name of sole or first inventor Fumio NAKANO y^c^y 

Inventor's signature ^c^ru<^ }?,a^^7Uu (^i§&) Date November 2, 2000 

Residence Tokyo, Japan ^LJ^ Citizenship Japanese 

Post Office Address c/o NEC Corporation, 7-1 , Shiba 5-chome, Minato-ku, 

Tokyo, Japan ___ 

Full name of second joint inventor, if any Hi tosh i FUJITA, J <^>. 

Second Inventor's signature Y&^ka-QJj [ft mj Jtt^L. ( isms' ) Date November 2 r 200 0 

Residence Tokyo, Japan - Cidzcnship Japanese 

Post Office Address c/o NEC Engineering Ltd., 18-21, Shibaura 3-chome, 
Minato-ku, Tokyo, Japan 



THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the Application of: Fumio NAKANO et al. 

Filed : Concurrently herewith 

For : CLOCK RIDE-OVER METHOD AND CIRCUIT 

Serial No. : Concurrently herewith 

November 9, 2000 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

SUB-POWER OF ATTORNEY 

SIR; 

I, Aaron B. Karas, Reg* No. 18,923 attorney of record 
herein, do hereby grant a sub-power of attorney to Leonard 
Cooper, Reg. No. 27,625, Linda S. Chan, Reg. No. 42,400, Harris 
A. Wolin, Reg. No. 39,432 and Brian S. Myers, Reg. No. 46,947 to 
act and sign in my behalf in the above-referenced application. 

Respectfully submitted, 



Aaron B. 
Reg. No 18 



HELFGOTT & KARAS, P.C. 
60th FLOOR 

EMPIRE STATE BUILDING 

NEW YORK, NY 10118 

DOCKET NO. :NEK017 . 961 

LHH: power 

Filed Via Express Mail 

Rec. No. : EL522396114US 

On: November 9, 2000 

By: Lydia Gonzalez 

Any fee due as a result of this paper, 
not covered by an enclosed check may 
be charged on Deposit Acct. No. 08- 
1634. 




